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Ertl Max-Plank Hildebrand ,
([1]) :
(P) $\{\begin{array}{ll}u_{t}=d\Delta u+u(1-u)(u+v-1), (x,t)\in\Omega\cross(0, \infty),v_{t}=D\Delta v+D\alpha\nabla\cdot\{v(1-v)\nabla\chi(u)\}+g(u,v), (x,t)\in\Omega\cross(0,\infty),\frac{\partial u}{\partial n}=\frac{\partial v}{\partial n}=0, (x,t)\in\partial\Omega\cross(0,\infty),u(\cdot,0)=u_{0}, v(\cdot,0)=v_{0}, x\in\Omega.\end{array}$
, $\Omega\subset \mathbb{R}^{2}$ $\partial\Omega$ . ,
$d,$ $D,$ $\alpha$ . $u=u(x, t)$ $v=v(x,t)$
, $x$ , $t$ Y $\ovalbox{\tt\small REJECT}$
. 2 $\chi(u)$ $g(u,v)$
$x(u)=u^{2}(2u-3)$ , $g(u,v)=c(1-v)-ae^{\alpha\chi(u)}v-bv$ , (1.1)
$*$ ( ) .
\dagger e-mail address: kutoOfit. ac. jp
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, $a,b,c$ .
(P) . 1
$u(1-u)(u+v-1)$ , $u$ ,
$v$ , $0$ 1 . , - [11]
, $(u_{0},v_{0})$ $0$ 1 $(0\leq u_{0}, v_{0}\leq 1),$ $(P)$
$(u, v)$ $0$ 1 ,
$0\leq u(x,t),$ $v(x,t)\leq 1$ , $(x,t)\in\Omega\cross(0, \infty)$ (1.2)
. 2 $\nabla\cdot\{v(1-v)\nabla\chi(u)\}$ , $\chi(u)$ $u=1$
, $u\sim 1$
. $c$ , $c(1-v)$




Hildebrand, Mikhailov, Ertl , (P)
$([2],[3])$ . , [11]
-Efendiev- - [9] (1.2) , (P)





$D$ , (P) .
, (P) $Darrow\infty$ . , (P)
2 $D$ , $Darrow\infty$ ,
$\{\begin{array}{ll}d\Delta u+u(1-u)(u+v-1)=0, x\in\Omega,\nabla\cdot\{\nabla v+\alpha v(1-v)\nabla\chi(u)\}=0, x\in\Omega,\frac{\partial u}{\partial n}=\frac{\partial v}{\partial n}=0, x\in\partial\Omega\end{array}$ (2.1)
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. (P) 2 $Darrow\infty$ ,
$\int_{\Omega}g(u, v)dx=0$ (2.2)
. $(2.1)-(2.2)$ , (P) $Darrow\infty$
( [6] ).
, $(2.1)-(2.2)$ 2 , , 1
. 1 $\Omega=(0,1)$ , (2.1) 2
,
$v(u, \lambda)=\frac{1}{1+\lambda e^{\alpha\chi(u)}}$ (2.3)
. , $\lambda=v(0)e^{\alpha\chi(u(0))}/(1-v(0))$ . ,
(2.3) (2.1) , 1 ,
(B) $\{\begin{array}{ll}du’’+u(1-u)(u+\frac{1}{1+\lambda e^{\alpha\chi(u)}}-1)=0, 0<x<1,u’(0)=u’(1)=0 \end{array}$
(I) $\int_{0}^{1}\frac{ae^{\alpha\chi(u)}+b+c}{1+\lambda e^{\alpha\chi(u)}}dx=c$
.
, (P) , $Darrow\infty$ , $(2.1)-(2.2)$
, (P) $(u,v)$ $D$ , $(2.1)-(2.2)$
$D$ (P) .
, :
2.1. 1 , $D>0$ (P) $(u_{D},v_{D})$
. , $\lim_{jarrow\infty}D_{j}arrow\infty$ $\{u_{D_{j}},v_{D_{j}}\}$
$(B)-(I)$ $u$ , $C^{1}([0,1])$
$\lim_{D_{j}arrow\infty}(u_{D_{j}}, v_{D_{j}})=(u, v)$ (2.4)
. $v$ , $\lambda>0$ (2.3) .
2.1 (2.4) , $(B)-(I)$ $(u,v)$ , $D$ (P)
. , $(B)-(I)$ ,
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$D$ . $D$
, (P) $?$ .
. 2.1 [5] .
, $(B)-(I)$ . $(B)-(I)$ :
(1) $d$ $\lambda$ , (B) .
(2) (B) (I) , .
3
, (B) . , $\lambda>0$ ,
$f(u, \lambda);=u(1-u)(u+\frac{1}{1+\lambda e^{\alpha\chi(u)}}-1)$ (3.1)
, (B) ( ) $u=0$
$u=1$ , $u=u_{c}(\lambda)$ . , $u_{c}(\lambda)$
$\lambda>0$ ,
$\lim_{\lambdaarrow 0}u_{c}(\lambda)=0$ , $\lim_{\lambdaarrow\infty}u_{c}(\lambda)=1$ (3.2)
. , , 1
, ,
. , (B)
$\Gamma=$ { $(u,d)\in C^{2}([0,1])\cross \mathbb{R}+|u$ (B) } (3.3)
.
, (3.1) , $d>0$
, $0$ 1 ,
.
$I( \lambda):=\int_{0}^{1}f(u, \lambda)du$
. $I(\lambda)$ $\lambda=e^{\alpha/2}$ ,
$\{\begin{array}{ll}I(\lambda)>0 (0<\lambda<e^{\alpha/2}),I(e^{\alpha/2})=0, I(\lambda)<0 (e^{\alpha/2}<\lambda)\end{array}$
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(i) $0<\lambda<e^{\alpha/2}$ (ii) $e^{\alpha/2}<\lambda$
1
, time-map ([7], [8] ) , (B) $\Gamma$
. $0<\lambda<e^{\alpha/2}$ , $d>0$ ,
$u$ ( ) :
3.1. $0<\lambda<e^{\alpha/2}$ . (3.3) (B)
$\Gamma$ $d=d^{*}(\lambda)$ $u=u_{c}(\lambda)$ . ,
$\Gamma$ $s=u(0)$
$\Gamma=\{(u,d)=(u(\cdot, s, \lambda), d(s, \lambda))\in C^{2}([0,1])\cross \mathbb{R}+|0<s<u_{c}(\lambda)\}$ (3.4)
, $C^{2}([0,1])\cross \mathbb{R}$
$\lim_{sarrow u_{G}(\lambda)}(u(\cdot, s, \lambda), d(s, \lambda))=(u_{c}(\lambda), d^{*}(\lambda))$ (3.5)
. $sarrow 0$ ,
$\int_{0}^{\eta}f(u, \lambda)du=0$
$\eta>0$ , $\lim_{sarrow 0}d(s, \lambda)=0$
$\lim_{sarrow 0}u(x, s, \lambda)=\{\begin{array}{ll}0 (0\leq x<1),\eta (x=1)\end{array}$ (3.6)
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. , $0<\epsilon<1$ , $[0,1-\epsilon]$ $\lim_{sarrow 0}u(\cdot, s, \lambda)=$
$0$ .
(i) $0<\lambda<e^{\alpha/2}$ (ii) $e^{\alpha/2}<\lambda$
2: (B)
$e^{\alpha/2}<\lambda$ , $d>0$ , $u$
1 :
3.2. $e^{\alpha/2}<\lambda$ , $\Gamma$ $d=d^{*}(\lambda)$ $u=u_{C}(\lambda)$
. , $\Gamma$ $s=u(1)$
$\Gamma=\{(u,d)=(u(\cdot, s, \lambda),d(s, \lambda))\in C^{2}([0,1])\cross \mathbb{R}+|u_{c}(\lambda)<s<1\}$ (3.7)
, $C^{2}([0,1])x\mathbb{R}$
$\lim_{sarrow u_{c}(\lambda)}(u(\cdot, s, \lambda), d(s, \lambda))=(u_{c}(\lambda), d^{*}(\lambda))$ (3.8)
134
. $sarrow 1$ ,
$\int_{\zeta}^{1}f(u, E)du=0$
$\zeta>0$ , $\lim_{sarrow 1}d(s, \lambda)=0$
$\lim_{arrow 1}u(x, s, \lambda)=\{\begin{array}{ll}\zeta (x=0),1 (0<x\leq 1)\end{array}$ (3.9)
. f $0<\epsilon<1$ , $[\epsilon, 1]$ $\lim_{s\sim 1}u(\cdot, s, \lambda)=1$
.
41
3.1 3.2 , (B) $\Gamma$
. $\Gamma$ , (I) ,
$(B)-(I)$ .
3.1 32 ,
$(s, \lambda)\mapsto(u(\cdot, s, \lambda), d(s, \lambda))$
$\mathcal{P};=\{(s, \lambda);0<s<u_{c}(\lambda), 0<\lambda<e^{\alpha/2}\}$ $(s=u(0))$
$Q;=\{(s, \lambda);u_{c}(\lambda)<s<1, e^{\alpha/2}<\lambda\}$ $(s=u(1))$
,
$(s, \lambda)\mapsto(u(\cdot, s, \lambda), d(s, \lambda));\mathcal{P}\cup \mathcal{Q}arrow C^{2}([0,1])\cross \mathbb{R}$
. (I),
$\int_{0}^{1}\frac{ae^{\alpha\chi(u)}+b+c}{1+\lambda e^{\alpha\chi(u)}}dx=c$ (41)
$u(\cdot, s, \lambda)\in\Gamma$ . (4.1) ,
$\Phi(s, \lambda):=\int_{0}^{1}\frac{ae^{\alpha\chi(u)}+b+c}{1+\lambda e^{\alpha\chi(u)}}dx$ (4.2)
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$u(\cdot, s, \lambda)\in\Gamma$ . ,
$(s, \lambda)\mapsto\Phi(s, \lambda):\mathcal{P}\cup \mathcal{Q}arrow \mathbb{R}$
,
$\Phi(s, \lambda)=c$ (4.3)
$(s, \lambda)\in \mathcal{P}\cup \mathcal{Q}$ .
(4.3) , $\Phi(s, \lambda)$ $sarrow u_{c}(\lambda)$
$\Phi^{*}(\lambda);=\lim_{sarrow u_{C}(\lambda)}\Phi(s, \lambda)$
. (3.5) (3.8) , (4.2) $sarrow u_{c}(\lambda)$ ,
$\Phi^{*}(\lambda)=\frac{ae^{\alpha\chi(u_{c}(\lambda))}+b+c}{1+\lambda e^{\alpha\chi(u_{C}(\lambda))}}$ (4.4)
. , $\Phi^{*}(\lambda)$ $\lambda\in(0, \infty)$ .




. (3.6) , $\Phi^{0}(\lambda)$
$\Phi^{0}(\lambda)=\frac{a+b+c}{1+\lambda}$ $(0<\lambda<e^{\alpha/2})$ (4.5)
.




. (3.9) , $\Phi^{1}(\lambda)$
$\Phi^{1}(\lambda)=\frac{ae^{-\alpha}+b+c}{1+\lambda e^{-\alpha}}$ $(e^{\alpha/2}<\lambda)$ (4.6)
.
4.1 $0<\lambda<e^{\alpha/2}$
, (4.3) $(s, \lambda)\in \mathcal{P}$ . , $\Phi^{0}(\lambda)$
$\Phi^{*}(\lambda)$ $(0, e^{\alpha/2})$ :
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4.1. (4.5) (4.4) $\Phi^{0}(\lambda)$ $\Phi^{*}(\lambda)$ $(0, e^{\alpha/2})$
:
(i) $c<ae^{-\alpha/2}-b$ , $\Phi^{0}(\lambda)$ $\Phi^{*}(\lambda)$ $(0, e^{\alpha/2})$ ,
$\Phi^{*}(\lambda)<\Phi^{0}(\lambda)$ $(0<\lambda<e^{\alpha/2})$ (4.7)
.








$3:ae^{-\alpha/2}-b<c$ $\Phi^{*},$ $\Phi^{0},$ $\Phi^{1}$
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Proof. $\Phi^{0}(\lambda)$ $(0, e^{\alpha/2})$ (4.5) .
$\Phi^{*}(\lambda)$ ,
$\frac{d}{d\lambda}\Phi^{*}(\lambda)=\frac{a\alpha\chi_{u}(u_{c}(\lambda))u_{c}’(\lambda)e^{\alpha\chi(u_{c}(\lambda))}(1+\lambda e^{\alpha\chi(u_{c}(\lambda))})}{(1+\lambda e^{\alpha\chi(u_{c}(\lambda))})^{2}}$
$- \frac{(ae^{\alpha\chi(u_{c}(\lambda))}+b+c)\{e^{\alpha\chi(u_{c}(\lambda))}+\lambda\alpha\chi_{u}(u_{c}(\lambda))u_{c}’(\lambda)e^{\alpha\chi(u_{c}(\lambda))}\}}{(1+\lambda e^{\alpha\chi(u_{c}(\lambda))})^{2}}$ (4.9)
$= \frac{e^{\alpha\chi(u_{c}(\lambda))}}{(1+\lambda e^{\alpha\chi(u_{c}(\lambda))})^{2}}[\alpha\chi_{u}(u_{c}(\lambda))u_{c}’(\lambda)\{a-(b+c)\lambda\}-(ae^{\alpha\chi(u_{c}(\lambda))}+b+c)]$
. (1.1) $\chi_{u}(u_{c}(\lambda))<0$ , $u_{c}’(\lambda)>0$
. (4.9) , $\Phi^{*}(\lambda)$ $(0, a/(b+c))$ .
(4.7) (4.8) , (4.4) $u_{c}(\lambda)$ $\xi$
$\phi(\xi);=\frac{ae^{\alpha\chi(\xi)}+b+c}{1+\lambda e^{\alpha\chi(\xi)}}=\frac{a}{\lambda}+\frac{1}{1+\lambda e^{\alpha\chi(\xi)}}(b+c-\frac{a}{\lambda})$
, $\phi(0)=\Phi^{0}(\lambda)$ . $x^{l}(\xi)<0$ ,
$0< \lambda<\min\{e^{\alpha/2},$ $\frac{a}{b+c}\}$
, $\phi(\xi)$ $(0,1)$ . $\phi(u_{c}(\lambda))<\phi(0)$ ,
,









$\Phi^{*}(\lambda)<\Phi^{0}(\lambda)$ $(0< \lambda<\frac{a}{b+c})$ (411)





, $\phi(\xi)$ $(0,1)$ . $0<\lambda<a/(b+c)$
,
$\Phi^{0}(\lambda)<\Phi^{*}(\lambda)$ $( \frac{a}{b+c}<\lambda<e^{\alpha/2})$ (412)
. , (4.11) (4.12) (4.8) .
4.1 , $\Phi(s, \lambda)=c$ $(s,\lambda)\in \mathcal{P}$ , $(B)-(I)$
:
4.2. $(B)-(I)$ $a,$ $b,$ $c,$ $\alpha$
$(a+b)e^{-\alpha/2}<c$ (413)
. $(u(\cdot;s, \lambda), d(s, \lambda))\in\Gamma$ (3.4) (B)
. $(a+b)/c<\overline{\lambda}\leq e^{\alpha/2}$ ,
$\lambda\in(\frac{a+b}{c},\overline{\lambda})$
, $\Phi(s(\lambda), \lambda)=c$ $(s(\lambda), \lambda)\in \mathcal{P}$ . $(s(\lambda), \lambda)\in \mathcal{P}$ ,
$u=u(\cdot, s(\lambda), \lambda)$ , $d=d(s(\lambda), \lambda)$ (4.14)
$(B)-(I)$ . $s(\lambda)$ $((a+b)/c,\overline{\lambda})$ ,
$s(\lambda)=u(0, s(\lambda), \lambda)$ $( \frac{a+b}{c}<\lambda<\overline{\lambda})$ , $\lim_{\lambdaarrow(a+b)/c}s(\lambda)=0$
$\lim_{\lambdaarrow(a+b)/c}u(x, s(\lambda), \lambda)=0$ $(0\leq x<1)$ , $\lim_{\lambdaarrow(a+b)/c}d(s(\lambda), \lambda)=0$ (415)
, :
(i) $(a+b)e^{-\alpha/2}<c<ae^{-\alpha/2}+b$ -$\lambda$ $=e^{\alpha/2}$ .
(ii) $ae^{-\alpha/2}+b<c$ , $\overline{\lambda}<e^{\alpha/2},$ $\lim_{\lambdaarrow\overline{\lambda}}s(\lambda)=u_{c}(\overline{\lambda})$
$\lim_{\lambdaarrow\overline{\lambda}}u(x,s(\lambda), \lambda)=u_{c}(\overline{\lambda})$ in $C^{2}([0,1])$ , $\lim_{\lambdaarrow\overline{\lambda}}d(s(\lambda), \lambda)=d_{1}^{*}(\overline{\lambda})$ (416)
.
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Proof. (4.13) $(a+b)/c<e^{\alpha/2}$ (4.5) ,
$\Phi^{0}(\frac{a+b}{c}I=c$ (4.17)
. $\Phi^{0}(\lambda)$
$\{\begin{array}{ll}\Phi^{0}(\lambda)>c (0<\lambda<\frac{a+b}{c}),\Phi^{0}(\frac{a+b}{c})=c, \Phi^{0}(\lambda)<c (\frac{a+b}{c}<\lambda<e^{\alpha/2})\end{array}$ (4.18)
. (4.8) $\Phi^{0}$ $\Phi^{*}$ $\lambda=a/(b+c)$
$\frac{a}{b+c}<\frac{a+b}{c}<e^{\alpha/2}$
,
$\Phi^{0}(\lambda)<\Phi^{*}(\lambda)$ $( \frac{a+b}{c}\leq\lambda<e^{\alpha/2})$ (419)
. (4.18), (4.19) , $c<\Phi^{*}(e^{\alpha/2})$ $c>\Phi^{*}(e^{\alpha/2})$




(4.13) $c<\Phi^{*}(e^{\alpha/2})$ , $(a+b)e^{-\alpha/2}<c<ae^{-\alpha/2}+b$ .
(4.18), (4.19) $c<\Phi^{*}(e^{\alpha/2})$ ,
$\Phi^{0}(\lambda)<c<\Phi^{*}(\lambda)$ $( \frac{a+b}{c}<\lambda<e^{\alpha/2})$ (4.20)
. , $\lambda\in(0, e^{\alpha/2})$ ,
$s\mapsto\Phi(s, \lambda);(0, u_{C}(\lambda))arrow \mathbb{R}$




$s=s(\lambda)\in(0, u_{c}(\lambda))$ . $s(\lambda)$ (3.4) $\Gamma$
(4.14) , $\lambda\in((a+b)/c, e^{\alpha/2})$ $(B)-(I)$ . (4.21)
$s(\lambda)$ $((a+b)/c, e^{\alpha/2})$ . (4.17)
$\lim_{sarrow(a+b)/c}s(\lambda)=0$ . (3.6) , (4.15) , 42
(i) .





$\Phi(s(\lambda), \lambda)=c$ $( \frac{a+b}{c}<\lambda<\overline{\lambda})$
$\lim_{\lambdaarrow(a+b)/c}s(\lambda)=0,\lim_{\lambdaarrow\overline{\lambda}}s(\lambda)=u_{c}(\overline{\lambda})$ (4.22)
$s=s(\lambda)$ . $s(\lambda)$ (3.7) , $(B)-(I)$
(414) . (4.22) (4.16) , 42
.
4.2 $e^{\alpha/2}<\lambda$
$e^{\alpha/2}<\lambda$ , $(B)-(I)$ . $\Phi(s, \lambda)=c$
$(s, \lambda)\in \mathcal{Q}$ , $\Phi^{1}(\lambda)$ $\Phi^{*}(\lambda)$ $(e^{\alpha/2}, \infty)$ .
4.3. $\Phi^{1}(\lambda)$ $\Phi^{*}(\lambda)$ ( $e^{\alpha/2}$ , oo) :
(i) $0<c<ae^{-\alpha/2}-b$ , $\Phi^{1}(\lambda)$ $(e^{\alpha/2}, \infty)$ .





$($ ii $)$ $ae^{-\alpha/2}-b<C$ , $\Phi^{1}(\lambda)$ $(e^{\alpha/2},$ $\infty)$ ,
$\Phi^{*}(\lambda)<\Phi^{1}(\lambda)$ $(e^{\alpha/2}<\lambda)$
( 3 ).
43 $[$5$]$ . $0<\lambda<e^{\alpha/2}$ ,
43 $(B)-(I)$ :
4.4. $(B)-(I)$ $a,$ $b,$ $c,$ $\alpha$ $0<c<ae^{-\alpha/2}+be^{\alpha/2}$ .
$(u(\cdot$ ; $s,$ $\lambda),$ $d(s,$ $\lambda))\in\Gamma$ $($3.7$)$ $($B $)$
. $e^{\alpha/2}\leq\underline{\lambda}<\overline{\lambda}$ , $\lambda\in(\underline{\lambda}, \overline{\lambda})$ , (4.3)
$(s(\lambda), \lambda)\in \mathcal{Q}$ , $(B)-(I)$
$u=u(\cdot, s(\lambda), \lambda)$ , $d=d(s(\lambda), \lambda)$
. $s(\lambda)$ $(\underline{\lambda},\overline{\lambda})$ ,
$s(\lambda)=u(1, s(\lambda), \lambda)(\underline{\lambda}<\lambda<\overline{\lambda})$ ,
$\lim_{\lambdaarrow\overline{\lambda}}s(\lambda)=1$
$\lim_{\lambdaarrow\overline{\lambda}}u(x, s(\lambda), \lambda)=1$
$(0<x\leq 1)$ , $\lim_{\lambdaarrow\overline{\lambda}}d(s(\lambda), \lambda)=0$
, :
(i) $c<ae^{-\alpha/2}+b$ , $e^{\alpha/2}<\underline{\lambda},$ $\lim_{sarrow\underline{\lambda}}s(\lambda)=u_{c}(\underline{\lambda})$ ,
$\lim_{\lambdaarrow\underline{\lambda}}u(x, s(\lambda), \lambda)=u_{c}(\underline{\lambda})$
$in$ $C^{2}([0,1])$ .
(ii) $ae^{-\alpha/2}+b<c<ae^{-\alpha/2}+be^{\alpha/2}$ , $\underline{\lambda}=e^{\alpha/2}$ .
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